Consumption of fruits and vegetables is associated with a reduced risk of developing a 28 wide range of cancers including colon cancer. In this study, we evaluated the effects of 29 two compounds present in fruits and vegetables, ursolic acid, a triterpenoid, and 30 luteolin, a flavonoid, on DNA protection and DNA repair in Caco-2 cells using the 31 comet assay. 32
Introduction 51
Colorectal cancer (CRC) is one of the main causes of cancer-related mortality in the 52 western world and was the second most common cancer in Europe in 2006 [1] . 53
Oxidative stress, defined as a disturbance in the equilibrium status of pro-oxidant and 54 antioxidant systems in favour of pro-oxidant, can damage diverse cellular 55 macromolecules such as DNA, lipids, and proteins. The various types of DNA damage 56 that can be generated as a result of oxidative attack, if not properly removed, can lead to 57 mutagenesis and/or cell death. 8-oxo-7,8-dihydroguanine (8-oxoGua) is one of the most 58 abundant forms of DNA oxidation and can cause G to T transversions in several 59 oncogenes and tumour suppressor genes [2] . The major mechanism repairing DNA 60 oxidation damage is the base excision repair (BER) pathway. In BER, DNA 61 glycosylases are responsible for cleavage of the N-glycosidic bond between the base and 62
Cells were seeded onto 12-well plates, with 1 ml/well at a density of 0.2 × 10 6 cells/ml, 112 and incubated with different concentrations of test compounds in complete DMEM 113 medium to test for possible direct cytotoxicity, genotoxicity, and for effects on induced 114 DNA oxidation, and for modulation of DNA repair. Stock solutions of UA and Lut were 115 prepared in dimethyl sulphoxide (DMSO) and aliquots kept at -20ºC. The final 116 concentration of DMSO in medium was <0.5%). 117 118
Cell toxicity assay 119
The test compound's cytotoxicity was assayed in 12-multiwell culture plates seeded 120 with 0. 2 × 10 6 cell /well. Twenty-four hours after plating, the medium was discarded 121
and fresh medium containing test compounds at different concentrations was added. 122
After 48h of incubation with test compounds, cytotoxicity was evaluated by MTT test. 123
The number of viable cells in each well was estimated by the cell capacity for reduction 124 of MTT as described by [18] . The results were expressed as a percentage of cell 125 viability relative to control (cells without any test compound). 126 127
Comet assay 128
The alkaline version of the single cell gel electrophoresis assay was used to evaluate 129 DNA damage as previously described [19] with some modifications. Briefly, Caco-2 130 cells were trypsinized, washed, centrifuged, and the pellet suspended in low melting 131 point agarose; about 2x10 4 cells were placed on a slide (pre-coated with 1% normal 132 melting point agarose and dried), and covered with a coverslip. After 10 min at 4 ºC, the 133 coverslips were removed and slides were placed in lysis solution (2.5M NaCl, 100mM 134 Na 2 EDTA, 10mM Tris Base, pH 10 plus 1% Triton X-100) for 1h at 4ºC. When 135 oxidised bases were to be measured, after lysis slides were washed three times with 136 buffer (40mM HEPES, 0.1M KCl, 0.5mM EDTA, 0.2mg/ml BSA, pH 8.0) and 137 incubated with 30µl of formamidopyrimidine DNA glycosylase (FPG) in this buffer or 138 with buffer only for 20 min at 37ºC. Slides were then placed in horizontal 139 electrophoresis chamber with electrophoresis solution (300mM NaOH, 1mM 140 Na 2 EDTA, pH >13) for 30 min at 4ºC for the DNA to unwind before electrophoresis 141 was run for 30 min at 25V and ~300mA. After electrophoresis, slides were washed two 142 times with PBS and dried at room temperature. For analysis of the comet images, slides 143 6 were stained with SYBR Gold solution for 30 min at 4ºC; after drying, slides were 144 analysed in a fluorescence microscope and Comet 4 analysis system (Perceptive 145 software) was used to calculate the parameter % tail intensity. Generally Results were expressed as % of repair DNA damage that was calculated using the 177 Results were expressed as mean ± SEM at least 3 independent experiments. 224
Significant differences (P<0.05) were evaluated by Student's t-test. 225 226 3. Results 227
Cytotoxic effects of UA and Lut 228
In order to choose the concentrations of UA and Lut that can be used in protective 229 studies, evaluations of test compounds' toxicity were done using MTT test. When Caco-230 2 cells were incubated for 48h, UA and Lut significantly decreased cell viability only at 231 concentrations higher than 50 and 100µM, respectively (Fig. 1) (Fig.3A) . With a short period of incubation (2h), the 247 effects of UA and Lut were even more pronounced (Fig.3B) . The protective effects 248
were not dose-dependent. 249
In the assay with Ro plus light, Caco-2 cells were also pre-treated for a long or short 250 period with UA or Lut. With a long period of incubation, compounds at tested 251 concentrations did not protect DNA from damage induced by Ro (Fig.4A) . With a short 252 incubation Lut significantly decreased oxidized DNA bases induced by Ro, while UA 253 (10 µM) showed a tendency to protect Caco-2 cells (Fig.4B) . 254 and Lut show a tendency (p≤0.1) to increase the ability to rejoin SBs (Fig.5B) . 
Discussion 295
The integrity of DNA is critically important for DNA replication and cell division. 296
Oxidative DNA damage in addition to a defective DNA repair mechanisms are known 297 to be associated with carcinogenesis [23, 24] . Dietary antioxidants have the possibility 298 to prevent oxidation, but this requires that they are in proximity to the DNA in an active 299 form. Several authors have reported that a compound's lipophilicity is a determinant 300 characteristic for biological activity of the compounds. UA and Lut represent two 301 classes of phytochemicals with different chemical and biological properties. Lut has free 302 radical scavenging activity, whereas UA is virtually inactive as a free radical scavenger. 303
Both are, however, highly lipophilic [25] [26] [27] . We evaluated the effects of both 304 compounds, UA and Lut, against oxidative damage in Caco-2 cells at two levels: DNA 305 protection and DNA repair. In this work, we show that ursolic acid and luteolin not 306 only protect DNA from oxidative damage after a short period of pre-incubation but also 307 increase repair activity in Caco-2 cells. 308
Concerning DNA protection, after a short incubation period (2 h) UA and Lut had a 309 strong protective effect against H 2 O 2 -induced DNA damage. After a long period of 310 incubation (24 h) both compounds showed a protective effect, but the percentage 311 protection was smaller than with a short incubation period. In a previous paper, we 312
showed that UA had chemoprotective activity against tBHP-induced DNA damage in 313 
